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Abstract
This is a brief analysis of the basic formula from Ref.[1]. Some
inconsistency has been identified.
In the recent preprint [1], there was exhibited quite a thorough analysis
of the data on proton-proton elastic scattering data with an emphasis on the
estimate of the nuclear phase parameter ρ(s, q2) = RefN (s, q
2)/ImfN(s, q
2)
with fN(s, q
2) is the strong interaction scattering amplitude. Besides the
”practical” importance of the parameter ρ (e.g. for the total cross-sections
retrieval) the conceptual importance of the q2-dependence of the strong in-
teraction phase has been explained in Ref.[2] (see also [3]).
In the framework of the eikonal scheme with an eikonal additive in elec-
tromagnetic and strong interactions the authors of Ref. [1] brought the total
amplitude of proton-proton scattering f(s, q2) to the form (see Eq.(31) in
[1])
f(s, q2) = fBC + e
iΦtot(s,q2)fN(s, q
2) (1)
where fBC ∼ αF
2
Q(q
2)/q2 is the Coulomb Born amplitude (F 2Q(q
2) is the proton
charge form factor ),
fN(s, q
2) =| fN(s, q
2) | eiΦN (s,q
2)
is the pure strong interaction (”nuclear”) scattering amplitude while the
phase Φtot(s, q
2) reflects the joint contributions of the strong and electro-
magnetic interactions.
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In spite of quite different arguments when deriving the phase Φtot(s, q
2) in
Ref.[1] the form of the full scattering amplitude (1) is functionally equivalent
to the form first proposed by H. Bethe in Ref.[4]
f(s, q2) = fBC + e
iαΦBethe(s,q
2)fN(s, q
2) (2)
because the phase Φtot(s, q
2) ∼ α.
In fact, when we switch off electromagnetic interaction we should get
lim
α→0
f(s, q2) = fN (s, q
2).
It was noticed long ago ([5],[6]) that the Bethe form (1) ((2)) of the
full amplitude necessarily requires that the phase of the nuclear amplitude
ΦN(s, q
2) does not depend on q2. However, it was assumed in Ref.[1], for
reasons of a better description of the data, that
ρ(s, q2) = RefN (s, q
2)/ImfN(s, q
2) ≈ ρ(s)
1− q2/q2R
1− q2/q2I
.
This formula, in its turn, implies that
ΦN (s, q
2) = arctan[
1
ρ(s)
1− q2/q2I
1− q2/q2R
]. (3)
However, such an evident q2-dependence of the nuclear phase is not compat-
ible, as was shown in Refs.[5],[6] (cf.also with [7]), with a Bethe-like form (1)
of the full amplitude f(s, q2). This statement is not quite evident therefore
we believe it is appropriate to give its simple proof.
To this end let us compare the values of the moduli squared of the full
amplitude as in Eq.(1) and that which follows from the additive eikonal
scheme. Eq.(1) gives
| f(s, q2) |2=| fN(s, q
2) |2 + | fBC |
2 + (4)
+2fBC | fN (s, q
2) | cos(ΦN (s, q
2) + Φtot(s, q
2))
Let us now take Eq.(4) up to the first order in α (take note that fBC ∼ α):
| f(s, q2) |2=| fN(s, q
2) |2 +2fBC | fN (s, q
2) | cos(ΦN (s, q
2)) +O(α2) (5)
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It is not difficult to show that in the additive eikonal scheme (which was
claimed to be the case in [1]) the following general expression for | f(s, q2) |2
holds:
| f(s, q2) |2=| fN(s, q
2) |2 +2fBC | fN(s, q
2) | cos(ΦN (s, q
2))− (6)
−
α
pi
∫
d2k
k2
F 2Q(k
2)Im[fN (s, q
2)f ∗N(s, (q − k)
2)] +O(α2).
Hence it follows that
ΦN(s, q
2) = ΦN (s, (q − k)
2) (7)
which, in turn, leads to independence of ΦN (s, q
2) from q2 which does not
comply with Eq.(3). Comparison of O(α2) terms yields the expression for
Φtot(s, q
2) in terms of fN (s, q
2) and fBC .
Higher powers in α would lead to a, generally infinite, number of con-
straints on fBC whose feasibility is problematic.
This conclusion does not mean that the amplitude used in Ref.[1] is
”worse” than those used in other models. This only means that Eq.(1) is
incompatible with the eikonal representation of fN(s, q
2) with an additive
eikonal and should be considered not as derived from the additive eikonal
representation but as an independently assumed expression.
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